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SOLUTION: While managing a label (distance) of each node by a heap, in a manner to correspond to a point 
of intersection on a map, the Dijkstra's method is used to conduct the search of a route . Then, at the time of 
determination of the label, a root of the heap is replaced with a final element, and thereafter, the new final 
element is separated from the heap. Subsequently, a comparison between a second element of the heap 
and a third element thereof is made on the basis of their values (labels), and the element having a smaller 
value is automatically moved to the position of the root. This movement of the element creates a vacant 
position to be occupied by a parent, and a comparison between child elements is made on the basis of their 
values, and the element having a smaller value is automatically moved to the vacant position to comDlete 
modification of the heap . 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the_pat h planning method that the shortest path from a 

its present location to the destination can be searched for at high speed. 

[0002] 

[Description of the Prior Art] The car navigation which displays a rolling-stock-run position on a map is known. This car 
navigation is GPS (Global Positioning System) which receives the signal from three or more satellites, and measures the current 
position of vehicles. It has the function which searches and displays the map around a rolling-stock-run position as a function 
from CD-ROM which stored map information. By the way, development of the function displayed in car navigation in quest of 
the shortest (optimum) path until it reaches [ from the current position of vehicles ] the destination is performed in recent years. 
[0003] Thus, the Dijkstra method which searches for the shortest path for two points when finding the curtate distance from a its 
present location to the destination is used. In this Dijksrra method, the crossing on a map is made into a node, the node near the 
destination is made into a calculation start node for the shortest path from a its present location to the destination, the node near a 
its present location is made into a calculation end node, and it calculates and asks for the link cost according to the distance 
between the calculation start nodes and calculation end nodes in the road map containing from calculation start Hoad to a 
calculation end node. For this reason, the link cost from a calculation start node to a calculation end node is added one by one, a 
link tree is constituted, and the path with least (distance is the rninimum) link cost which reaches a calculation end node is 
chosen. 

[0004] When performing the path planning by such Dijkstra method, the sort program for searching for a minimum distance 
point is used. By the way, as sort algorithm of the conventional car navigation, the heap sort is used, for example. However, in 
car navigation, there is a problem that the time needed for path planning is long. 

[0005] this invention is made in view of the conventional technology mentioned above, and aims at offering the path planning 

method that the path planning from a its present location to the destination can be performed at high speed 

[0006] 

[Means for Solving the Problem] By the way, if a heap sort is roughly divided, it will consist of the following two portions. 
(A): (B) which makes an initial heap : the above (B) which changes to the right heap the heap which collapsed by exchange and 
separation consists of three portions of- (B3) shown below (Bl). 

(Bl) When there are heap data of :N individual, the value of the root (it is equivalent to a wooden root) is the minimum value. 
The element (N) of this root and the last is exchanged and the last element (value of the root before exchange) is separated from 
a tree. 

[0007] (B-2) Although N-l heap is constituted by : (Bl), the data of the root do not fulfill the conditions of a heap. Then, lower 
part movement of the data of the root is carried out, a heap is corrected, and the right heap is made. 

: (B3) About N-l heap, the last element (N-l) is exchanged for the root, and the last element (value of the root before exchange) 
is separated from a tree. 

If the above is repeated, while data will be decided by order small to N, N-l , N-2, and .., the size of a heap becomes small one 
at a time ], and, finally alignment is completed. 

[0008] Something is explained to be a heap here. As shown in drawing 3 , it is the perfect binary tree in which all parents surely 
have two children (the last element is only for a left child), and even if it takes which parents and child, the tree which is a parent 
<- child is called heap. In addition, the size relation between a left child and a right child does not ask. This heap can also store 
and express a binary tree with an array to the order obtained by the scan for every level. 

[0009] If a left child's position is set to S, a right child's position will be set to S+l . At this time, two parents' position P is called 
for by S/2. For adding new data to a heap, it carries out as follows. This operation can also be begun from an empty heap 

(1) Store new data as an element of the last of a heap. 

(2) As compared with the data of the parents who make the element a child, if parents are large, a child and parents will be 
exchanged. 

(3) Next, repeat the same thing as the parents on it by making the parents into a child. A child's position goes up to the root or 
the end conditions of a repeat are with a parent <= child and a bird clapper in all. 

Thus, it is called upward revision (movement) to raise new data up until it fills the relation of a heap. When adding one data to a 
heap, as for comparison, only the "log2 highest N" time is performed, and the number of times of data movement within the 



memory at this time is a "3log2 N" time. 

[0010] By the way, by the heap correcting method shown in (B-2) mentioned above, since the heap has broken, the place 
(beginning place of the root) into which the Nth element was put corrects that. That is, the element which asks the child of this 
element is compared and the element of the smaller one is compared with the Nth element, and if the conditions of a heap are not 
satisfied, it exchanges. The thing same about the child when making this exchanged place into parents is repeated, and the 
correction by lower part movement is made. As for the correction by this lower part movement, the comparative number of times 
is set to a maximum of 2 log(s)2 N, and the number of times of data movement within memory is set to 31og(s)2 N. 
[001 1] Here, by the heap correcting method shown in (B-2) mentioned above, the artificer of this application found out 
performing the useless comparison operation many times, in order to put the Nth rearmost element into the root. That is, since 
the value of the element of the last of a heap of possibility of being big is high, in almost all cases, the element of this last is 
revised downward to near the very back. Therefore, there is no possibility that the element of the last of this heap will become 
the following root. And in the process of this downward revision, a comparison operation with clear it being judged that the 
element of the last concerned is large is performed repeatedly. 

[0012] The path planning method of this invention makes a node each crossing information included in the map information read 
from the record medium, and based on a Dijkstra method between the starting point which is a node near a its present location, 
and the terminal point which is a node near the destination In process in which the disu/.r? from the starting point is the path ' 
planning method of deciding a label from a rrunimum point and searching for the path to the destination, and the aforementioned 
label is decided, managing the label of a node for which it should look using a heap After exchanging the root of the 
aforementioned heap, and the last element and detaching the element of the last after the exchange concerned from the 
aforementioned heap The 2nd element of the heap concerned and the 3rd element compare a value (label). A value moves a 
small element to the root automatically, a value is compared between [ of the child from whom the position from which it 
escaped by the movement concerned rums into parents' position ] elements, a value moves to the position which escaped from 
the small element by the aforementioned movement automatically, and the aforementioned heap is corrected. 
[0013] The path planning method of this invention makes a node each crossing information included in the map information read 
from the record medium, and based on a Dijkstra method moreover, between the starting point which is a node near a its present 
location, and the terminal point which is a node near the destination In process in which the distance from the starting point is the 
path planning method of deciding a label from a minimum point and searching for the path to the destination, and the 
aforementioned label is decided, managing the label of a node for which it should look using a heap After exchanging the root of 
the aforementioned heap, and the last element and detaching the element of the last after the exchange concerned from the 
aforementioned heap The 2nd element of the heap concerned and the 3rd element compare a value (label). A value moves a large 
element to the root automatically, a value is compared between [ of the child from whom the position from which it escaped by 
the movement concerned turns into parents' position ] elements, a value moves to the position which escaped from the lai«e 
element by the aforementioned movement automatically, and the aforementioned heap is corrected 
[0014] y 

[Embodiments of the Invention] Hereafter, the car navigation method concerning the operation gestalt of this invention is 
explained. Drawing 1 is the block diagram of the car navigation equipment 2 1 concerning this operation gestalt. As shown in 
drawing 1 , car navigation equipment 2 1 has the GPS receive section 23, the CD-ROM driver 25, keyboard 29 display 3 1 a 
loudspeaker 33, and the data-processing section 35. The GPS receive section 23 detects the position of mobiles, such as an 
automobile, by GPS (Global Positioning), receives the navigation electric wave for position detection by which radio 
transmission is carried out from four GPS satellites 39 to the earth, and detects the current position of vehicles. 
[0015] If CD-ROM27 which is a map information record medium is set, the CD-ROM driver 25 will drive this and will read the 
information on a road map, and the information relevant to it. A keyboard 29 inputs an origin point, a destination point, etc 
according to operation of a user. The data-processing section 35 has CPU45a, ROM35b, RAM35c, and the path planning 
machine 37. y 6 

[0016] With car navigation equipment 2 1 , if the destination is inputted from a keyboard 29 by operation by the user, based on 
the map information from the CD-ROM driver 25, the shortest path will be generated so that the path planning machine 37 of the 
data-processing section 35 may mention later. And CPU35a makes the voice according to navigation information output from a 
loudspeaker 33 while displaying navigation information on a display 31 based on this shortest path. Although a terminal point 
(destination) is given from the GPS receive section 23 by operation of the starling point (present location of vehicles) and the 
keyboard 29 by the user and the path planning machine 37 finds the curtate distance to each node from the starting point using a 
Dijkstra method, it is this process and the improvement heap sort shown below is used for it. 

[0017] Specifically, the path planning machine 37 makes infinity first distance (label) to all nodes (crossing) based on the map 
information inputted from the CD-ROM driver 25. Next, the label of the starting point is set to 0. Search is started by making the 
starting point into a searching point. The search in this case is performing the next operation about a searching point and all the 
connected points. The distance to the point which has led to the searching point from the label of a searching point and the 
searching point is added, and if smaller than the label which the distance attached until now, a label will be rewritten and will be 
added to a set of the point for which it should search. If search finishes about all the points connected to the searching point the 
smallest point of the label in a set of the point for which it should search will be chosen, and it will consider as a searching point 
and will search by removing from a set. This is repeated, and when a terminal point is chosen as a searching point, it means that ' 
the curtate distance was found. With this algorithm, operation of adding data to a set of the point for which it should search or 
choosing the smallest data from the set and removing it is performed. In order to manage a set of the point for which the paih 



planning machine 37 should be searched in order to perform this operation by the heap, the improvement heap sort shown below 
is performed. This improvement heap sort differs from a heap sort usual in the correction method of a heap. 
[0018] Hereafter, the improvement heap sort performed in the path planning machine 37 is explained. This improvement heap 
sort consists of the following two processes like the usual heap sort mentioned above. 

(A): (B) which makes an initial heap : the portion of the above (B) which changes to the right heap the heap which collapsed by 
exchange and separation consists of a process of the folio wing -(B1)(B3). " 

(Bl) When there are heap data of :N individual, the value of the root (it is equivalent to a wooden root) is the minimum value. 
The element (N) of this root and the last is exchanged and the last element (element of the root before exchange) is separated 
from a tree. 

(B-2) Although N-l heap is constituted by : (Bl), the data of the root do not fulfill the conditions of a heap. Then, lower part 
movement is carried out, the data of the root are corrected, and the right heap is made. 

: (B3) About N-l heap, the last element (N-l) is exchanged for the root, and the last element (value of the root before exchange) 
is separated from a tree. 

If the above is repeated, while data will be decided by N, N-l, N-2, and the small order of.., the size of a heap becomes small 
one [ at a time ], and, finally alignment is completed. 

[0019] Next, heap correction processing of the above (B-2) in the path planning machine 37 is explained in detail, the above 
(Bl) - setting - the element (element of the root before exchange) of a tree to the last - separation - finally one of two children 
of the element of the root before the exchange concerned becomes the root in the above (B-2) behind the bottom Therefore, with 
the path planning vessel 37, this moves the 2nd of an array, and the 3rd smaller one to the 1st root, and moves the smaller one to 
the position concerned from which it escaped between two children who make parents the place from which it escaped by the 
movement concerned. This is repeated as long as there is a child. If the child from whom it escaped stops there being, the very 
last element will be moved. However, a parent <= child's relation is not necessarily realized the place moved with the very last 
element. Then, it revises upward about the element moved at the end. Especially the memory for this improvement is not needed. 
At this rime, the number of times of comparison of the improvement correcting method is set to log2 N, and the number of rimes 
of data movement in memory rums into the number of times which added what is depended on the upward revision after moving 
the element of log2N and the last. 4 

[0020] The machine time (CPU) when generating a random number and sorting by the usual heap sort and the improvement heap 
sort mentioned above, and the contrast result of the comparative number of times are shown in the following table 1 . 



[Table 1] 

cpwpi worn 



mm 


Heap 




Heap 


Qfejlheip 


10000 


0. ( 


0.3 


Z39J20 


10332 


200(0' 


0.9 


0.6 


5I90IJ 


306126 


50000 


2. 1 


1.6 


moon 


831663 


100000 


5.8 


l.J 


30(0101 


1262480 



[0022] Thus, it can process in time of the abbreviation 2/3 at the time of using the usual heap sort by having used the 
improvement heap sort. In addition, since time to make an initial heap first is also contained in the CPU time shown in the 
above-mentioned table 1, if only the correction processing time after separation of the root is seen, the processing time will be 
shortened by 2/3 or less compared with the case where the usual heap sort is used. 

[0023] It explains using the flow chart which shows processing of the path planning machine 37 using the improvement heap sort 
mentioned above hereafter to drawing 2 . 

Step S 1 : Set to n the number of the elements which constitute a heap. In order that the path planning machine 37 may pull apart 
root a (1) and may move an element to the root, it sets to 1 the place ip where it moves. 

[0024] Step S2: About the place ip where it moves, the path planning machine 37 is the position of the child who made the ip 

concerned parents, and calculates the position of an array of two children, a left child and a right child. 

[0025] Step S3: It investigates whether the path planning machine 37 has an element in the position of the child of the right 

calculated at Step S2, if there is an element, step S4 will be processed, and if there is no element, processing of Step S5 will be 

performed. 

[0026] Step S4: The path planning machine 37 investigates which child of the child of the nght calculated at Step S2, and a left 
child is small, and sets the position of the small child concerned to si. 

[0027] Step S5: The path planning machine 37 moves a small child's element a (si) judged in step S4 to a (ip). And it returns to 
processing of Step S2 by setting to ip the position which was vacant with this movement. 

[0028] Step S6: Performing, when there is no element of a right child in Step S3, the path planning machine 37 moves last 
element a (n) to a (ip). 

[0029] Step S7: The path planning machine 37 investigates whether you were a left child, if it is so, it will perform processing of 
step S9, otherwise, the last element performs processing of Step S8. 
[0030] Step S8: Revise upward about a (ip). 

[003 1] Step S9: As the number of the elements of a heap, use n-l instead of n, and perform processing to step SI -8 
[0032] According to the path planning machine 37 explained above, in a Dijkstra method, the process concerned can be 



accelerated by using an improvement heap sort for the process which chooses the smallest point of the label under set of the 
point for which it should search, and the shortest path for two points can be computed at high speed. Consequently, according to 
car navigation equipment 2 1 , while displaying the shortest path from a its present location to the destination on a display 3 1 at 
high speed, guidance with voice can be outputted from a loudspeaker 33. 

[0033] this invention is not limited to the operation gestalt mentioned above. For example, although illustrated with the operation 
gestalt mentioned above about the case where the heap of which a parent <= child's relation consists is used, this invention is 
applicable similarly about the heap of which child <= parents' relation consists. In this case, with the path planning vessel 37, 
after separating the last element from a tree, the 2nd of an array and the 3rd larger one are moved to the 1st root, and the larger 
one is moved to the position concerned from which it escaped between two children who make parents the place from which it 
escaped by the movement concerned. This is repeated as long as there is a child. If the child from whom it escaped stops there 
being, the very last element will be moved. However, child <= parents* relation is not necessarily realized the place moved with 
the very last element. Then, it revises upward about the element moved at the end. 

[0034] Moreover, although it illustrated with the operation gestalt mentioned above when the path planning method of this 

invention was applied to car navigation equipment 2 1 , this invention is applicable also to other path planning. 

[0035] 

[Effect of the Invention] As explained above, according to the path planning method of this invention, the process concerned can 
be accelerated by using an improvement heap sort for the process which chooses the smallest point of the label under set of the 
point for which it should search in a Dijksrra method, and the path from a its present location to the destination can be computed 
at high speed. 



[Translation done.] 



